Salmonellosis is an important food-borne bacterial zoonotic disease that affects both people and animals.
INTRODUCTION
S almonellosis is one of the most important foodborne bacterial zoonotic diseases that affect both people and animals, but little is known about the role of animals as carriers of this pathogen (Jang et al., 2008; Jardine et al., 2011) . Salmonella spp. can cause disease in humans, livestock, zoo animals resulting in morbidity and mortality as well as economic losses (Okoh and Onazi, 1980; Forshell et al., 2006) . Non-typhoidal Salmonella serotypes are transferred to humans through food products of animal origin. Other sources include direct or indirect animal contact at homes, veterinary clinics, pet products, zoological gardens and farm environments (Friedman et al., 1998; Neera et al., 2000; Campbell et al., 2001; Pitout et al., 2003) . In addition, transmission of Salmonella between production animals and wildlife is probable (Pitout et al., 2003) . Carrier animals are very important in the epidemiology of salmonellosis, because they can be the latent carriers and shed the bacteria without any obvious clinical signs (Jardine et al., 2011) . The genus Salmonella consists of two species: S. enterica and S. bongori. Usually serovars that belong to the enterica species colonize the enteric tract of warm-blooded animals, while the others that belong to bongori species are found in cold blooded animals (Zahraeisalehi et al., 2013) . Salmonellosis outbreaks have been associated with handling mammals, reptiles and birds (chicks and wild birds) (Abalem and Solari, 2001) . Zoo animals (reptiles, birds and mammals) can be infected by food and fruits provided by zoo visitors, rodents and wild birds then can transfer infection to all other animals in the same and the other cages as well as to humans (Okoh and Onazi, 1980; Jang et al., 2008) . Salmonella, especially S. enterica are found in the intestine of wild birds and these infected birds can transmit infection to humans (Stephen et al., 2007) . Cold-blooded animals carry a wide variety of Salmonella serotypes in their intestine (Tizard, 2004) . They are asymptomatic carriers and may shed Salmonella sporadically in their feces constituting a significant zoonotic risk factor to pet owners, zookeepers, zoo visitors and veterinarians (Corrente et al., 2004; Franciscus et al., 2011) .
In regard to Salmonella spp zoonotic importance and the presence of few studies about the prevalence of Salmonella serovars in zoo animals of Iran; this study aimed at the detection of Salmonella spp from zoo animals, the identification of the serovars, the determination of the antibiotic susceptibility, and the genotyping of isolates by RAPD-PCR.
MATERIALS AND METHODS Isolation and identification of Salmonella
Fecal samples from 104 animals (birds, mammals and reptiles) housed in Karaj zoo park, Iran, were collected by anal or cloaca swabs and cultured in 10 ml pepton water (Merck, USA) at 37°C for 24 h. 1ml of this culture was then transferred to 10 ml Selenit F and Rappaport broths (Merck, USA).
Samples were incubated at 37°C and 41.5°C for 24h and then each sample was inoculated on to Salmonella-Shigella agar, Brilliant Green agar (Merck, USA) and Chromogenic agar (Chromogenic agar, Paris France) plates. The plates were incubated at 37°C for 24 h. 3-5 colonies, suspected of Salmonella spp, were selected and subjected to preliminary biochemical identification using Triple Sugar Iron Agar (TSI), Urea agar and Lysine Iron agar (Merck, USA) (Quinn et al., 1994) .
Serotyping of the isolated Salmonella strains was performed by commercial reliable antisera (Difco, Detroit, USA) and the results were interpreted according to the Kaufmann-White scheme (Popoff and Le Minor, 1992) .
PCR assay
The biochemically identified isolates were analysed using Polymerase Chain Reaction (PCR) for invA gene, using S139: (5-GTG AAA TTA TCG CCA CTG TCG GGC AA-3) and S141: (5-TCA TCG CAC CGT CAA AGG AAC C-3) primers to confirm trophoresis condition was performed as previously described by Lin et al. (1996) .
Antibiotic resistance test
Antibiotics susceptibility of the Salmonella isolates to 14 antibiotics was determined using the disk diffusion method, as described by the Clinical and Laboratory Standards Institute (Bauer et al., 1966) . The antibiotics were selected based on their application in human and veterinary medicine to control the Salmonella spp. The Salmonella isolates were cultured on tryptose soy broth (TSB) (Merck, USA) and incubated at 37°c for 1-2 hours, and then was calibrated based on the 0.5 McFarland BaSo4 turbidity standards. The suspension obtained was uniformly spread on to the surface of dry Mueller-Hinton (Merck) agar plates by an impregnate swap. Antimicrobial disks were aseptically disposed on the surface of inoculated agar media and the plates were incubated at 37°c for 24h. Diameters of the inhibition zones were measured in millimeters. The isolates were classified as susceptible (S), intermediate (I) and resistant (R) according to guideline published by CLSI.
RESULTS

isolates of the 104 anal swap samples (20%)
identified biochemically as Salmonella spp. PCR test for target gene, invA, was performed and in all cases the isolates at the genus level (Galan et al., 1992) . A single colony of each isolate from an agar plate was picked and suspended in 200μl of distilled water. After vortexing, the suspension was boiled for 5min, centrifuged for 10 min at 15,000 g and 50 μl of the supernatant was collected. Reaction mixture consisted of 2.5 μl of 10X PCR buffer (500mM KCl, 200mM tris-HCl), 0.5 μl of dNTP mix (10mM), 2mM MgCl2, 0.5 μM of each primers, 1U of Taq DNA Polymerase and 1.5 μl of DNA templates. Amplification was conducted in thermocycler (Techne-TC 512, England) under the following conditions: initial denaturation at 94°C for 5 min, 35 cycles of 94°C for 60 sec, 64°C for 30 sec, 72°C for 30 sec and final extension at 72°C for 7 min. PCR products were electrophoresed on 1.25% agarose gel stained with ethidium bromide (2μg/ml) for 15 min. PCR bands were visualized with a UV transilluminator (BIORAD, UK).
Randomly Amplified Polymorphic DNA analysis (RAPD-PCR)
To further analyse the isolates, RAPD-PCR was performed. Amplification reaction mixture contained the characteristic band of 284 bp was observed in the agarose gel (Fig 1) . From the seven mammalian positive samples three originated from monkeys, one from hamster and three from Brandt's hedgehogs. From the four birds' samples, two were isolated from long-eared owl, 1 from Montagu's harriers and 1 from Fischer's lovebirds. Finally from the ten samples collected from reptiles two came from Iranian spiny-tailed lizards, six from turtles and 2 from snakes (Indian python).
Serotyping of the isolates was performed by using commercially reliable antisera. Of 21 positive isolates of Salmonella spp. 9 different serotypes were detected: Enteritidis, Seftenberg, Typhimurium, Virchow, Berkeley, Kingabwa, Newport, Marina and Havana. Salmonella enterica serotype Typhimurium and Enteritidis were the most commonly detected serotypes from these animals. The number of samples, the species of the sampled animals and the number of positive results from each species were listed in Table 1 . The serotypes of Salmonella spp. isolated from Karaj zoo park was listed in Table 2 .
The results of the antibiotic resistance patterns are shown in Table 3 . All the isolates tested, were resistant to one or more antibiotics and 5 isolates including the ones from monkeys and long-eared owls were multiresistant. Nine (42.8%) isolates were resistant to amoxicillin and nine (42.8%) isolates were resistant to tetracycline. All the isolates showed susceptibility pattern to cephalothin, gentamicin, norfloxacin, ciprofloxacin, cefotaxime, enrofloxacin and chloramphenicol.
RAPD-PCR profiles were identical in isolates of every nine serotypes with each primer. RAPD profiles of isolates are shown in Figure 2 and 3.
DISCUSION
Zoonotic disease outbreaks from zoos are rare but zookeepers, zoo visitors and zoo veterinarian are at risk of infection from animal carriers. This study showed the prevalence of Salmonella spp. in zoo animals. Since some of them are kept as pets, Salmonella spp. can be transmitted to their owners.
During the present investigation Salmonella serotypes were isolated from 21 of the 104 Samples (20%) from zoo animals include reptiles, mammals and birds with the biggest number of isolates obtained from reptiles. Among the serovars found during this survey, the serotypes at the highest frequency were S. Enteritidis and S. Typhimurium the most common serovars causing salmonellosis in humans, too. Zahraei et al. in 2010 determined the prevalence of Salmonella serovar infection in 64 animals comprising small mammals (rodents, rabbits, squirrels, hamsters, and guinea pigs) and reptiles (turtles and lizards) in Tehran. 13.6% of reptiles were positive for Salmonella which belonged to serogroup B and C. Tamimi et al. (2014) isolated Salmonella spp. specially serogroups B and C from reptiles kept as pets. All the isolates in the present study were identified as subspecies I except one (serovar Marina) which was subspecies IV. Salmonella enterica subspecies I serovars are associated with infection of warm blooded animals, but in some studies they have been isolated from reptiles, too as in this study (Nakadai et al., 2005; Jang et al., 2008) .
The sources of Salmonella isolates from captive animals in the zoo may have been food, especially raw meat and mice. Other sources may include native rodents and birds that approach zoo animals via contact with human handlers or food which may be contaminated with human strains (Okoh and Onazi, 1980; Neera et al., 2000) .
In this study 4,7,10 of 21 isolates were related to birds, mammals and reptiles respectively. During the last few years, a high percentages of human salmonellosis have been associated with pets especially reptiles (Olsen et al., 2001) .
Reptiles especially terrestrial and turtles as pets may be a serious source of infection for humans. All Salmonella serovars in this study should be considered potential human pathogens, despite reptiles usually don't show clinical signs. Human salmonellosis associated with pets results in diarrhea, abdominal cramp, vomiting and fever. The infection can also spread to the blood-stream, bone marrow and nervous system. Children, the elderly, pregnant women and immunosuppressive patients are at high risks (Ebani et al., 2004) . Nowadays, Salmonellosis and other oral-fecal transmitted pathogens are very important in societies where immunosuppressive diseases are prevalent such as Iran. Results of this study shows that these susceptible patients, zoo visitors and also pet owners are at high risk of salmonellosis. Zahraei et al. (2010) and Tamimi et al. (2014) showed that rodents and reptiles To confirm isolates molecular techniques like PCR and RAPD-PCR as well as serotyping were used. The 284 bp fragment of the invA gene was amplified from all the isolates verifying the use of this protocol for the identification of Salmonella. Malorny et al. (2003) concluded that the PCR method for detecting the invA gene using S141, S139 in the identification of Salmonella is very beneficial (Malorny et al., 2003; Ebani et al., 2004) . The results of RAPD-PCR showed identity between the same serovars. Madadgar et al. (2009) reported that the use of this method revealed identical profiles of isolates in the outbreak investigation.
Transmission rate between animals seemed relatively high because the isolates belonged to a serotype, presented the same profile.
In the present study, high percentage of Salmonella spp. isolated from zoo animals showed multiple antimicrobial resistance which indicated virulent identity of the isolates. Fortunately, all the strains showed a common pattern of sensitivity to cephalothin, gentamicin, norfloxacin, ciprofloxacin, cefotaxime, enrofloxacin and chloramphenicol. Enrofloxacin is one of the choice' antibiotics against Salmonellae (Neera et al., 2000; Mitchel et al., 2001) . These resistant isolates of Salmonella spp. may have been transmitted to zoo animals via raw meat or milk fed to them (Neera et al., 2000) . Sporadic shedding of serotypes of Salmonella spp. from apparently healthy zoo animals, presenting resistance to many antimicrobial agents is very important to public health.
Zookeepers, pet owners, veterinarians and zoo visitors must follow some simple rules to prevent salmonellosis and other bacterial zoonoses. They should wash the hands after handling animals and cages, disinfect the places and things that they use, especially their eating places.
The results of this study indicated that the determination of zoonotic pathogens presence in zoo animals and the prevention of human infection are very important. Furthermore, keeping the reptiles along with humans especially immunosuppressive infected ones, could be very dangerous. Finally, it seems salmonellosis and the other oral-fecal bacterial infections should be controlled by adding the antibiotics in food of zoo animals. AM: ampicillin , TE: tetracycline, GM: gentamaycin, KF: cephalotin, NOR: norfloxacin, K: kanamycin, SXT: Sultrim, FM: flumequine, AMC: amoxiclave, CIP: ciprofloxacin, CTX: cefotaxime, ENF: enrofloxacin, C: chloramphenicol 
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